Because Puerto Rico has warmed in recent decades, ectotherms there should have shifted 17 their elevational ranges uphill. However, by comparing historical versus recent distributional 18 records of Anolis lizards, we found that three "montane-forest" species have instead moved 19 downhill in recent decades, almost to sea level. This downward shift appears related to the 20 massive regeneration of Puerto Rican forests -especially in lowland areas -which started 21 in the mid-20th century when the island's economy began shifting from agriculture to 22 manufacturing. The magnitude of local cooling caused by regenerated forests swamps recent 23 climate warming, seemingly enabling cool-adapted "montane" lizards to track forests as they 24 1 Battey et al. 2019 Montane Anolis are Moving Downhill spread downhill from mountain refugia into abandoned plantations. Thus, contemporary 25 distributional patterns are likely converging to those prior to the arrival of European settlers, 26 who cleared most lowland forests for agriculture, thereby restricting forests and associated 27 fauna to high-elevation remnants. In contrast with the montane species, three lowland 28 species expanded their ranges to higher elevations in recent decades; but whether this 29 movement reflects warming, land-use shifts, or hurricane-induced destruction of upland 30 forests is unclear. 31 2 keywords 32 Anolis, climate warming, forest regeneration, land-use changes, range shifts, thermal biol-33
climate (Angert et al., 2013; Lenoir et al., 2010; McCain and Colwell, 2011) . 48 Most evaluations of elevational range shifts have focused on temperate species (Chen 49 et al., 2011; Guo et al., 2018; Lenoir et al., 2010) , mainly because these species usually have 50 more complete distributional records. Even so, tropical ectotherms might show conspicuous 51 long been considered a "montane forest specialist" and restricted to deeply shaded, upland 140 forests because of its sensitivity to high temperatures and its elevated rates of evaporative 141 water loss (Gorman and Licht, 1974; Heatwole, 1970; Hertz et al., 1979; Huey and Webster, 142 1976; Lister, 1981; Rand, 1964; Rivero, 1998; Schmidt, 1918; Aide et al., 1996; Schoener, 143 1971; Williams, 1972) . 144 Two "grass-bush" anoles (A. pulchellus and A. krugi ) occur over broad elevational 145 ranges. Anolis pulchellus is abundant at low to moderate elevation in relatively exposed 146 habitats. Anolis krugi is more of a montane species but was sometimes found at low 147 elevation "under conditions of extreme shade" (Gorman and Licht, 1974) . The two "trunk-148 crown" anoles (A. stratulus and A. evermanni ) perch somewhat higher in trees than the 149 other species (Schoener, 1971) . Anolis stratulus is broadly distributed, whereas A. ev-150 ermanni is more of an upland form, found at sea level only in densely shaded habitats 151 (Gorman and Licht, 1974) . We downloaded all specimen records of Puerto Rican Anolis from the Global Biodiversity 154 Information Facility (GBIF) and developed scripts to remove duplicate records and apply 155 consistent formatting across museums. Some records were geo-referenced, but many were 156 not. Consequently, we manually georeferenced all non-GPS collection localities that had with Puerto Rican Anolis.
After removing localities with greater than 2-km georeferencing uncertainty, we esti-170 mated the elevation of each collecting locality as the mean elevation across the full un-171 certainty radius in the USGS National Elevation Database (USGS, 2016) at 1-arc-second 172 resolution, using the "rgeos" and "Raster" packages in R (Bivand and Rundel, 2013; Hij-173 mans, 2015; Team, 2014) . When surveyors reported an altitude directly, we used their data 174 rather than a location-based estimate. Specimen records were binned into four time periods 
Shifts in Elevation Distribution

182
We used two complementary analyses to assess the extent and direction of elevational range 193 In the second analysis we modeled the abundance of species i across elevations as log- 
Where t is 0 for time period 1952-1977 and 1 for time period 1991-2015. We fit this model 209 independently for each species using the maximum a posteriori (map) function from the R 210 package "rethinking" (McElreath, 2012) , and estimated credible intervals by sampling from 211 the posterior. We note that an ideal analysis for the questions we addressed here would 212 be an occupancy modeling approach similar to that described in Tingley and Beissinger 213 (2009); however, our dataset lacks the repeated per-site sampling events (at least at most 214 localities) required for this approach.
215
To assess potential changes in species composition at low elevations, we extracted spec- To assess changes in forest cover on Puerto Rico over the twentieth century, we modified an 238 existing raster layer of forest age and soil types across the island developed from analysis of 239 aerial and satellite imagery (Helmer et al., 2008) . We merged forest ages across soil types 240 and subset the original raster layer to produce maps of forested areas at 30-m resolution 241 in four time bins : 1935-1951, 1952-1977, 1977-1990, and 1991-2000 fully explain the observed shifts in any species (Table 1, Table S1 , Figure S1 ). The largest 280 downward shift in mean elevations was estimated in A. gundlachi (-171 meters), whereas 281 the largest uphill shift was estimated in A. cristatellus (73 meters). This is consistent with 282 our analysis of relative frequencies at sites below 250 m, where we observed that "lowland" 283 species became less common and "montane" species more common (Table 2) .
284
Comparing Shannon diversity of locality clusters in elevation bins across time peri- ods, we found no evidence of a loss of lowland diversity over time (Colwell et al., 2008) .
286
Observed lowland diversity (elevations below 250 m) had increased between time periods, 287 but the median shift was not statistically significant (p = 0.066, Table 3 , Figure S2 ). In Figure 3A) .
302
Average annual temperatures increased significantly between 1952-1977 and 1991-2015 303 at four of eight weather stations (4; Figure S3 ), with an average shift across all sites of our expanded set of 16 short-term stations was -6.5 • C/km (p<0.001, R 2 =0.887, Figure S4 ).
310
The only other study we are aware of comparing temperature records from ground 311 stations on Puerto Rico over a similar timespan is Méndez-Tejeda (2017), which concluded 312 that average temperatures had increased by 2.24 • C between 1950 and 2009. Unfortunately,
313
we were unable to determine the exact methods used to arrive at this figure and so cannot 314 comprehensively explain the difference with our result. However, we note that the 2.24 • C is 315 also significantly higher than the 0.6-0.9 • C increase in annual temperatures between 1950- Because A. gundlachi is a thermoconformer, its body temperature is close to that of 327 ambient air temperature in shaded areas (average absolute deviation 0.4 • C, see Huey and 1935 Huey and −1951 Huey and 1952 Huey and −1977 Huey and 1978 Huey and −1990 Huey and 1991 Huey and −2000 Elevation (m) 1995 1984 1965 1943 1995 1984 1965 1943 1995 1984 1965 1943 1995 1984 1965 1943 (b) Increase in total forested area by 10-meter elevation bands from 1935 to 2000 (left), and proportion of forested land by 10-meter elevation bands across time periods (right) Figure 3 : Forest regrowth in Puerto Rico.
rate of -6.5 • C/km (above)).
331
6 Discussion
332
Before we started our field work, we expected that elevational ranges of "montane" species Borinquen Airport ‡ 1952 -1977 25.42 0.70 0.035 137.82 -14.38 0.27 1991 -2015 26.12 123.44 Corozal Substation 1952 -1977 24.31 0.59 0.003 190.09 -49.32 0.01 1991 -2015 24.90 140.77 Dos Bocas 1952 -1977 25.69 -0.47 0.001 194.79 -20.54 0.12 1991 -2015 25.22 174.26 Lajas Substation 1952 -1977 24.93 0.53 0.005 100.28 15.50 0.06 1991 -2015 25.46 115.78 Manati 2 E 1952 -1977 25.33 0.12 0.240 145.76 6.73 0.64 1991 -2015 25.45 152.49 Ponce 4 E 1952 -1977 26.09 0.34 0.056 80.60 10.18 0.31 1991 -2015 26.44 90.79 Rio Piedras ‡ 1952 -1977 25.47 0.35 0.068 164.56 -50.15 0.00 1991 -2015 25.83 114.41 Roosevelt Roads ‡ 1952 -1977 26.68 0.31 0.110 135.47 -13.51 0.41 1991 -2015 1 9 5 2 − 1 9 7 7 1 9 9 1 − 2 0 1 5 1 9 5 2 − 1 9 7 7 1 9 9 1 − 2 0 1 5 1 9 5 2 − 1 9 7 7 1 9 9 1 − 2 0 1 5 1 9 5 2 − 1 9 7 7 1 9 9 1 − 2 0 Figure S4 : Relationship between temperature and altitude for 16 weather stations on Puerto Rico (4-1144 meters elevation). The slope of the linear model is -6.541 • C/km and R2 is 0.887.
